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A STUDY OF CATION EXCHANGE WITH VERMICULITE

by 

Marian Moeller Schnepfe

Abstract

Ion-exchange techniques are favored for the removal of some of the more 

hazardous fission products from nuclear vastes. Vermiculite has a Jiigh cation 

exchange capacity and is selective toward the sorption of cesium. A modified 

ion-exchange procedure was developed for these investigations using a sodium 

chloride saturating solution and an ammonium acetate leaching solution; the 

released sodium was determined "by flame photometry. The rate of saturation 

was found to be greater for 5N than IN NaCl and also increased when the 

temperature was changed from 25° to 80° C. Sodium ions were leached with IN 

and 5N ammonium acetate at approximately equal rates. Vermiculite which is 

finer than 100 mesh was saturated at a greater rate than 20 mesh size. The 

ion-exchange capacities of eight vermiculites as determined by the modified 

procedure ranged from 120 to 172 milliequivalents per 100 grams. Attainment 

of complete saturation for the different vermiculites required from 1 day to 

3 weeks.

Cesium-137 "was used as a tracer in some experiments. Vermiculite was 

found to sorb cesium firmly at pH values above 3 but this exchange reaction 

was reversed by hydrogen ions below a pH of 1. The interference of aluminum 

with the cesium exchange in verraiculite was removed largely by using a 

sodium saturated vermiculite at pH 12.6
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I* XHXRCSKiCTXGR

nmr and as yet \maolved probleesa introdxsced by the product loo 

of larga quantities of fia»toa products and radioactive iftotope* fros* the 

nuclear energy industry present naaafciad vlth a *ost complex technical, 

health eooac*sic and political problem. Attending the use of the fission 

process to produce energy i» the problem of controlling tho daagtfrou* 

products of fission for periods of time measured in tars* of nacgr tpasdredft 

of years.

In the nuclear fuel cycle vattea are produced in each »tepi 

fro« tho siloing of the ore? th* producticn of fuel elecainta^ the operation 

of reactors, th« eha&ieal roprooesslng of fueln^ and f*m the research 

activities aeaoeiated with each of theso steps* *R» vide variety of 

vaatos produced can bs eategorited into two claseasi "low-level" aod 

"high-levol* vaoteo. Ifeelr sajor diffenmee lies la the order of *agni~ 

tuie of their activities.

t*ov-level vastes** (1) are defined as those having a radioactivity 

concentration up to erne mieroourie per gallon (up to 5.7 & 104 dislote-

^/ nay of contrast hl^a-lavel vast«e nay have 

of hurwlreda or thousands of curltic per gallon* Billlouc 

of gaUona of lov-level wastes are produced each year whereas the volume 

of hi^i-levcl vaste* is COT*slAarably leas* Although the nuclear csorgy 

Industry has devalued Io lesa thoa 15 years, 6? millioa gallona of

wastaa have acctraulated, all of vhich aro stored in ta?&* (1)* 

dispoaal of conventional industrial vaat^s and &0wa®8 usually 

uethods of roturniag tb&a to tho enviro^sent in such form and

that they do not repreteat hamrds to plant &id atiinaol life*
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Th» dUpctsal of radioaetlv* vaai>*o parea*»t* a different and raoro difficult 

problem in that radioactive isotopes eaa be reasovsd frosi oaturti only by 

thalr natural daeay, A* a result, all that ean b« acoos»pHrtied by tiast* 

dlcpoeal t%chatgue0 la to provide a rvlativtdy aafo plae« aaa font whil* 

tba yafti&mftlldftft d«eay« InaRiuch as tio»t of tb* rmdioactiva fisnicm

have shoirt hmlf-livoe it Is entirely feasible to allow tiwiee to 

during fttora^a b«for« a-:>y ptroocss la

I cb&raaten»ca eevGral of the aqueous waatea for 

0olrent extraeticxa prooeaacs, Th» jarocodur^s for th*

of f iasicm&le taatariale tavolv« aoiutioa in nitrie acid or nitric acid 

wltli inecuric nitrato foXloved by eolYant extract Ion. fiia axtrasti*^ 

 olvsats uaed aro as fcaiora (2)i

a) Sadox proc«»fi - h«&osi« (asthyl laobutyi kaUmc)

b) Purex p*v*set»» - 30 trlbutyl i^ofiphate in a hydrocarbon base 

e) TB? "25*" . - ^ tribiityl jtoocphats In a hyiroearbon bas*
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frosa tba «tft&d$K>iftt of tfea&e disposal the f leelofc product* of teomt

po8*e#« relatively Xoag half -live* ana bare a high hfcgaard pote&ti«l 

for isatt  » defined by tbelr allovefcle 15 sit a in the humn body* Ebe coat 

fi«»iOA fgroftuets are* gbe**** in $«&1* 2.

|«\>l\aet«, Vft5i their recwral ssuch hig^-lcval waste cmild lie re* 

to lr;ter^?diftto level o && tbo pgroM«'^ of diR^Rin^ cf 

of wMte eonSd b

of

la c:mvfcn*ent t&m th« et<M4^1nt of tr*a»p^rt vitbin 

facility the ett :^Etut properties erf inability *M cb«?:l«ttl

liquid va«t«s especially Jjasarar^u*, A «^%et«ntial rmuotlcri in

basfltrda ***£*; £at«£ vlth dtsposml oould M *£&!«**& by 

of radift~lscftope« into ealid form fro^ vhi^h t&ty oould uot eatlly be re- 

Theac a^lltls could tfcsa %e etcrrcd in oy* table «re&», 

H jr^psibl* proeens for tba bouidlin$ of ftiwslcmr %nute$ 1* the 

of «»*t* fioaiaa jiroduats by various mineral* which po**«»* 

e&tlon

cl«y i-jlnerftlc ipatttetffi to*

property «ri»®9 free* mb&l&sged electrical forces wlthia the e3*y 

&trpctiijr*l uclts are itm&v&d In thoir fttoatc lattisat «aunij«

tlllcA tatrahesira, Cl«y isirserftlG ar« built u? frt^ lay«r - 

lattice »truotur«ft «*iieh Ar@ ttask^ p*rali-el to saaJa other ID a fa-id vl oh 

sr^el to ^15 c-axi3 «f tbe 4»y9tal* fiw different ty?e« sf 

reautt froa variaticsw in tbe pattern «f 

IR tlia eha^lcal ccF^sitiO!5 cf the layers 

of tSie «el<5<Jtlvl^r tsf ver^leUlite f^r caslm aisd th^ irrover*2ble nature 

cf this Sea e^cb&ngo.ven-lijulite was cbosea frcj; em^^g eiay ;-Inaralt for



I >

t>fit 
fit 
fit

t>

3 

fi

T >

0*1

rs

501

06

Xeoop

QOt

JO



Acknowledgment

The author is indebted to Charles R. Naeser for his guidance in this 

project and to Irving May for his many valuable contributions. The helpful 

criticism and suggestions of Dorothy Carroll and Hugh H. Waesche are 'also 

appreciated. This work is part of a program being conducted by the U. S. 

Geological Survey on behalf of the Division of Reactor Development of the 

U. S. Atomic Energy Commission.

6 a



IX. B3KO&C& A&> OBSBRtt,

&*oe "varalcutitc* derived froa tfee Lfttla* ycrgloulmri (to 

worst), was given by T. H* Vebb (3) In lB2U to a mlaeral occurring 

at fcUXbury, *m*e*cbuftett», ia aUusloa to it* curt cm* property of exfoliating 

Into X$sg vora~like forae ©a hentlag-

1* a olay »loeral prod\ac»d by tb« altftratl^a of 

clay ssin^raltt, it 1ft not r«etriet«d to «isal

and aay fom I«rgo <sry»tmlft. tbft Kiner*! «xlata in a vld« range of 

fr<sa laaok througfc varlow »hadea of bx^m a^d y«ll^v, lt» lustre i» 

usually pearly to broam«-llkt* l^er habit ie platy but fr^uently trragular*

lsa in tbe aonoelinlc «yst«si a^d hav* f«rfecrt baaal 

In dI*tiB«tionQ to blottto aiift csuacovlt* tiw pXattte of veraieui it* 

am soft acd pllablo.

Itntii the work os the «truetur* of r*rmicultta by Oruaer (k) aad 

iatar by Hendrickfi and Jefferson (5), it «a» sat kno*m iihettJier v«r&icruiit* 

was a dietlset «aln«rai. it 1« ^t-w recognia<»4 that thera Is a tru#> vcrmlGu­ 

ilts mth a cbaraatcrifttlc etructuro, Accord Ing to Orumjr veraloullt* 

consi8t4s. of «hc«ts of triootabedral ssica or tale «t«p«tratcd by lay^rft of 

vater %dl«aut«$ «ecupgri&g a 4«fistt* ft|«o« (^.9^ A) *rtiich i« about th«

cf tim vatttr ^oi«<5ule»*

Yertileullt^ ittorit» It* trlcctahedral cJ2&ract*r fr^ tb« biotite 

viii<3h it nrlgitAtOB. TrioctAhadrml id the term vsswtA to Ssdlcmte 

three po&itica* for cmtior.js is th» oetabodral laytr are filled* 

19 iB etsatraftt to th« ditiefeahearaX «ooditlo» ie wh'ch cmly tvo-tltirds of 

the ^sltioiit in t&» octahedral layer are f tHe£ aft in eausdovlte and 

illite.
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struotwe la «l*ctric*Uy unbaiaws«4 cbl«fly by the
i 

of tri*al«at aiwslmza for quadrivalent tiltcoi*, Ttewi substi­

tutions way b« partially bftlaaeed by other fcubatituticns vithtfc the
i 

but thcr» i» alwaye A reaidtml twt -charge deficiency* 5H1»

is «*ti*fied by e«tioe» vhteh o«cur chiefly batwwm th« 

arc fnsqut^tly e*cha?ige»bla. la the

jettsce* *oco%pefciii«d by 

In biotit« the ciweU cure bald together by 

olectrical sieutraltty asd preverit th0 0titry of

ic Figure 1 , tbo jK*taa8ixBQ losa hav« be<m )rtt$&«e0a by 

«nd water c^>l*cule» vith conac^u^nt tcterl^yor «Kpttnticn« This

of tbo »HeatB allove eoXutisaa to *nter And ctfttlon e*eh*3£9 to 

taka p^.flicc.

vld® range In che^tC4t 

of vantieulites us«d tu

i« »aldo& foimd in the pure fttata ehould ba

«*&*fDfttlG& by Dftpime Ree«, t?. S* Geological 8unr»y, 8hov«4 that 

these? «ft2|&«6 coatftined tfee minerals li*tsd 1» Tftbl* %»
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A robber tf tfaocrstieftl foraulft* &w* bean propatel fear 

Orujuir, froit tb» ftYwage of *ev»n true vemicuHtft* fro® dlfftarast parta of 

the OatUd State* gave the following formula (%)s

(6) jaropsaad tfc* fornulu for v*ratauUt*

-WL, r»)4o10(os)«

of

, tho oetalMdxml ioc», $ or !«««. in contrast 

to Orunor'* fcresulA, thlo formula di»tiosul*h0a botsNMm t^t 

and tteJ «to^» la th

As t&ottti in tha 

of catios «xehaa&*; Qri^ (7) reparU thftt the

ttil* Kt4aeml raLng«ji frm 100 to 150 edUie^uiirHeats per 100

«y v*ry vltb 

if they

Early experic«ntc OR cation «gebas&8 ladic»ted that uisd«r a gi 

*ot of ccaidittonft viirious. efttlona vans not «fuyftlly replft^Mj^blo *&& did 

hava th9 $8&a replftcins pav«r. A» catio?i-c«oiwiasa ruast ca* were 

it became apparent th&t t2»r« i* m? singt* uclvcnsai rwplttJ^m^ili 

Thi« 1« Use reeult of lKt«r»cticn« of * au^fcor of fteotora (7) I

1) Tha isatoro af th^ eatlcm* Other things baisg tr^ijal^ the 

tilt valence of «n Ion th*i greater is th« replacir^ j>?v»r ftul tlid 

difficult It is to dioplsco. S^bros&a iosia bobave ftncssaloy&ly, 

cations of ths saras valeric® , raplft$ing povcr iiiereaseff *ith at^mte

of tbs replacing cation resulta in greater oxci^sgo l?y that ton.
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tbft effftot csf e3t&*at*atioa al»o dapassda «?a tfea particular 

«*p3.as«d. Thtt eosspittxlty of tha faster of eooeeafemtlea t* brtmtfifc 

KttXly (8)t

With catlea pftlro #f similar rupl*eing pea*? 

of tta *aa« mlttnce, euch fca t4 vs SH*4 or C**4 v» 

eilutlca ban relatively ilttlo effect on ew.cfcaas«i, 

vltb cations ef tliffero^t

for ews^pl*y ai4 *» C*441 * cr iH*4 w Cm4*^ dilution faro- 

effect cm

iltom that tho «a»® of x*lme« of «n Ion AdpAoftn aot o^ty cui 

of th« itm it&elf tent fcl*o upoa tb« ca»tur« of tfe

Jia !«®&l!»<!*r of t£« eyohfcnga po0itio?^* psr fttfttsjae, mi the 

of eitoban#a*bX* CAlclwa cm * el«y aiseral b^fto^e* !«»*, tbe

re difficult tf roloai^. Sodium ; txowerer t^id» to 

to ar«loa&» »* t3»* dmgreo of s^turfttion vlti* tio&im ionft ^eo^'jcrj

H) *?fa# nat.\tra of tbg cjcchferygs aalsarml « All ottor faetors

t&ft rapl«M3cabillty of varioya attorn Wi«* with tfe« n&tKore of th* 

* Careftol voHt by &chacht»ohab«l (10) on pur» tofcrjltRit

&&&& fi«tit>s>et?ute* t^tt tbsr« Is act * 

eri«5 ebftrft«tsrUtic of all srlcoral* pcss^ttttttiiig Ion 

properties.

treated vith ft^lutioiss coataialtis both caleUcs and aw^ootwai aaetat^ tha 

ftdsorlss rolfttlveXy poro of t&& KK44 ., a-^A the

adsorbs mort> of t&» Ca44 *

(6) 4 in hi* i8W>*ti$gttc&* of th« cation

eharaeterUtica of ver^ic^llte, ahc^ttd t^t tba e^ohftrigsi prt>cea* i» re- 

veraibl* Wtwoea Ha4", CSa4*, Mg**.» aod K4 feat i* aaot eospletftly



batveen JC*» KB*** Kb*t ft&4 C«*. Tho latter iocs t«Q& tf» b*e«sse fixed

A« et&tefi In th* Intrtsduatton eetlust 13T !  cao of tb» 

t ital^a products, Tawtsueh M it baa ft ions loaf life

oa the cation e*chen§e properties cf



in.

Cation exchange can fee rwprowutei % tbe

where A* *8d 8* re$**»8*ti(t «®X\*tit£* e&tioca of equal ehas&a &?*& AX **& $£ 

represent t&s *xeb&n&& e*t«rial emturmtea vitb 

When t&» excisaii^e eaaterittl bfti» oidy oa« kind of

le oaiA to be «fttura.te£ vlth that i«a* fha total itsmmt of

* KUllequivftlwrstfi ^«ar 100 

i*

Tills »tw4y vm« «ttdtt to davalop a prcxwdur* f^r t&e ddt«r4iltvatlon of 

c*Uoa «£sh&^» capacities of varadculitjet . to chwract«ri«» th

propartl«» of several vwraleulita*, and to dcteryii»e the 

b^wirior of eofilua v^th vartelexilita v.'tit A vi«v t<?vards

to the vmste

& prooMure matt desired for d&t»r-,7*iaiug tfea c&tio^ «icch&tig« 

of wreieuiite »o that Inter ttxj«rt^9Eitii olghft indtcat* bc^ cmpttclty

on the »orptlt>iA of 

st

iO&t

TVo proc^d^rea ft>r tbd £$t*?®tti*t'i&& of

of Bat«r *«£ ^ro^g; (U)

(II) ciiloride cfttxa^ti&g aolxitioc wborsas thu 

of INurmb*! (6) u&od A oodl^a chlorida aolwttea. Hift flr»t 

********** IR that It offer«d a »tsipl« twsl^arcsaetirle 6«tcEr&l»fettc© ; the 

l*tt*r fi^t^od vati attract L?« f^rom a*s



g ts tha nstkod of Bovar aM Tr&ug th« ei*y *in«r*X 1ft 

troate<2 with sis: ffetsfe portlena of « 0»J$ H e&ng&ao** (II) «htoriAc at 

*H ? f<*r a ttitftX of thirty Kiuutes. The excaa* ggaag&aet* I* VMkad out 

vith sjethftaol &&& tba

with X If HH^CjglaOu &Uo at 5^ ?« (2fee latcfctfd csat^ac*?** ioaa arc 

cxldited to p*r<£&?$&r*t$ aai detarsla«4 c^lr;ri?K?trlcaXly* flit

nft to this

X) *t -sH 7 * jrangane.icj (it) c^lorid^s s^Xixtloa is

farottinR of * brovn fTMlylta 

bo precipitated In tha o«ss|»t« 

in vnohlsg out

ti»t» «fcs only afc^ut 20 < of tfeo

f*3t>r *&£ Issa obJ^tl^Aiae in thftt t2s$

it of

>6 of B&rSr^a4 ft ll^tly gramafe an^|>l<» is treated 

?,tlj 1 H !MC1* F#**b j^?tSrt«« ^f «*t<uar«tlaf »«l-ukloa  «*  &4d©5. every 

mi^ for t4>i5 4**y^ ftftw ^lc!i tSu& t»?spt« 1« yashtd fy«« of

^lo In

ins to Barsbad»» aR$ti^ot ^rcma^S to 

suffered tvo« tfe$ i^r^t^a^ t?-s*» n^o^sary f<ar e«t«jmtion. tt fchould be 

that la ^i» prr^fn?* ft dl*8a«fst lo»* Mg44 * *a t^io v«rsit">illtii !« 

a «fr&sjRrvai«st o»». At*» the

of
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Tfctt latter statfead, fcsiwnrmr, van «&»*«» for a irsra 3*tail«d study 

to f isd tb* b»«t eoaditioas f<a- dfttaratxd&g th* cation «*ofoaa$£ capacity 

of a vwaleullta. it vaa daaUttftlft to «*|»rj.s*at wlt& tuoh faetora a» the

aa$*afc, tfcaparottirtt, partiel* ait* ara9«&tr*ti$& of «at«*«ting 

leaching solution*, fu%d ti» time o«»B»«3*y ^or oooj>l«t« 

l«ftchtag, AUo< it w*fl de»ir«i»l« to ft*c«rtalu tte «ff*wt of 

tha excha:^ oapttolty, The»e pilot e*j«ri^«at* ver«

of it* availability* 

A. Bxp«rJ.!acsttta to Xtettraiee

In cas3» of to« f nllotfin 

to 1 .0000 g) va* placod IB A ftftaen elllillt«r 

ftft*£ »ill lliter |wrtl<m of 

agitated $*£&? at l«tflrv»l« of

Cation

After tha

of tatiaratiim solution ver« aa&ad and the

, th* wc«ea« ftaturattGg ton* ver« naahtd frao 

ior« Xe«<5bad with fifteen mlllllit«r portions of 

A&&K tb* «a^pl« w»o csntrtfu^sd and lo»cliinga vnre f lltcrcfi 

aMod to a imlxr^tttric flask, thia jsr^e»dw^ wan r»peat«d imtil 

, aftor which tha l«acbates

for

?roo»aura . First it «a* w>c«Ge*ry t 

og out e^cesft ^O/SSK&MQ^L ioa«, tint

«ta&&a?4

^»tbanol vaft tcatod to Aeterdns Sis eff«K5tlv^r.«G5 in 

a aoditts naturatod fSn«- grained *a?sple. Fmsr 2 gram ca^plea of acid 

100 aflMrti, vhito sasd waro ^aoeifesd1* vltfe 5 8 taOX. ^a«» a«mi*« wear* then 

vaabed tntai tes 15 sUlilltsw ^rticm* of absaluta s^thaanl after vhieS* a

t«?st for the cfcXcrido loa «a» obtained vith attidif Sad ailrer
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nitrate aoiutlon. TJaa ale&aal vaahed »aspXa* verc wart laaohad vlth 

dlfttilleft water arid thft sodlua concentration of leaching* 6*tftrr*ta®g* 

result* is&teattd that afeaolutt saetbaaol i* an «ff**ti*e vasblag 

for tha aaaft* To detanslaa vbeth&r wethaatsl v*« satisfactory for 

«as$a.«« **r* tr*at«d with 3 8 Bad for *ix boor*. The Taralculite 

voro «ia«&o4 aa above* Upc«i leochii^ vlth dtetiXlcd vatar ti» 

of 3 alXliequivaloats of aodl^cs per 100 gim^A of vwmiet&it* was 

Ba««a oti the alnisus a%^an@B capacity ef aay cf tb»

tliia would te^ount t9 a« stuch as a 2,5> error* Howorer^ it la 

vhet^n* tht aadtoa leaoihwa vlth «ater vas the rtuult of Iceff Iciest 

by £iethaaol« Bwlx*p» t^ fepi!£Q$&i io& eoiMMntrKtiea of the water «a*

It was felt that aljaolvft« sM5thar«a was an 

for the fcKporis^to at haod ar^3l cor*se?|ucntXy vaa

Effect » To chdc£ tbo aff^t cf tffsteratura o»

four pnrtloaft of a givaa vj«raiculit«

vith a fiodlw» chloride soX«tie&« Tvo of the satsples v«^» kept at 

oataly £5° C» aad tbe c^thor two at 70° to 6oc C. during  atwratioa* The 

hifliher te^psrature via <^»tal&«a vlth a aasd bath? no tbensoatat ^ts u»ed* 

In each ease hi$*or efcchari^^ values v@re cft»tai&ed at tbu «lcv»t«d teap»rm 

turo* Therefore, fcll oua<«»dtn0 experisouta were csarried out at 70° to 

80° C.

Saturation mad Leachl&g* it vae dcatrad to dttfla^lse the aff**t 

of eono«tr*tmtlo& of satura&Uog aoltstlcm on the rata of «**&&&$» for 

difforcat partial* si*es« It vaa «X»o considered doftirAble to eh^ok 

affeet of th« oor^e^triatton cf Xsaebi&g stluttc^ on tJfease tva diffonmt 

parti do cimoa for ar^r given length of tisa*

Fire ectB of el^rt raasploa of a given vsrsdeulite vcr« treated 

lo ix&eresgats of tvcuty-four hinsr»* Of tho cl^it en^^lc* of a als@l« 

four v&re 100 &&£& a^t four vore go cash particle »Uoj A pair of
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tha XOO s*ah aa^plsa uaa treated with 1 » ZEftCX* a&d tb» other vlUi 9 

s a'j&u&csu T&9 20 cash M^jOea vore t2*ft£&i is simil 

Balf of all tha w^ple* (80 «i£ 100 sash) treated wlt^ i 9 

vith 1 8 KlUCaHsOa (KS*^) a^d tb« reaaiaia* tut^ vi^h 5 3

fable

Saturation and

Saturation

Tim

£r$?8

lOO^mh

n

ca

par 100

i 98

2 99

9 60

4 65

3 6?

60

62

&

6k

6?

72

70

as
92

<*

72

ao
03

3X

91

*7

5S

58

»

»

43

51

^

55

^

»

£l

^J7

75

7*

56

61

£7

75

79

valuta,

It ««s apparoat that

easily tlmn tlM» 20 a^sclj sa^pl^B and that 5 S fffcCl was etocrt efflolect t2iaii 

1 5 RaCl for A xmpid &^pi\>aah to co^pleto ssturatlou* 

CottfiXualog^ Coaeerajg^ _|,ajMfelBg _3S<a.utloa« fSw 5 

values apprcsxit^tcly «jUallar to ths 1 S M^CsS^i aa a 

for tba aaisa length of ti^«. The exehaiige v&lues g!vea ID Tabl* 5 

are tfec&ft obtalaad after complete leachlag* It vw f ouad that far the 100



ir. S^ *K urr t

Xca&sr tir^s* Csts ef ths f 

It va» csss&tiaad tbat the 9 K I^CaH^Ds offered 

a&vasttg* ovor the 1 8 Hfl^C«3^>a *&? th® letchirje ef 

fcr ell tortiier a^erl^^ift a 2 ^ SCfS l^Mibl! »olvittoa

adopUd as a fi&fety

Sat^ratt z £d^tion» It v&e dciitrud to

the j^Xfttioi^aiifr l)«tvtcz; the tlse t^eeedsair for ec^plete

**»«. B^pari^wste ware coivtinus)d alo&g ttoe aaae lineu a« 

la t^o preo^diag parasjm^. T&* ICO tsesh vreroic-^lite trcatesd with 

If BfiCl vft* flG^-^*atcd witiiia 5 \«:ate as indicated by no further i^&r^MMi 

o^^bftags eapattlV v&ltMi* Tbd ICO t^a^ oet^pl* tjhich was tr^nted viili 1 S 

t ba*ff»7«r, was oily 63^ saturated i& > wce'eta ao& ^> is 6 ve&ks* At 

ai*& of 6 v««r^3 toa @o f*&8& socles, O^KJ of «hicii vaa t^rca^^d vlth a 5 8 

and the oth«r vith a 1 H SaCI, were 60,- at^ 5^? ttavorat«u 3ncspsrct-iTwly»

fVc*a tlio fi^0V9 xi&miltft iri valch OCA »a=i^e «u oaly $6i saturated 

after 6 weska *&turett$a tao author coriCitdod tliat a 1 8 1&£1 v?a& 

«w» a «a%ovatliag ecalytloa &u& coti*^%ii«r»tly od^j?tcd a 9 8 8a£l -c^ further

ft was &9ict «te».n*bi«s to iav^ttigato the

»iilp betveaa tlf^e fiecsasary for ccc^plete laachlng arid particle site*

ijlch had ba^n ffiaturat^sd witii $ 8 

t*»s a 100 s^^ii ai^l tt*e ^tha^ ^as a 20 

after v&qri&g

; tiic &<&&i3&& val^^ft arc 

100



CO

Table 6* 

B*t* of Leaching for XOO Mesh VeraicuUte

teaching
tla* 
bourn

Fercant of
OQ&$&9t&
leachin

6

30

93 

lit* 

118 99

100

Tahlo 6b 

Bate of Le&&i8g for 20 K^ah Vermlculite

Leaching
ttsae

2 hrs.

^ hrs*

6 sirs*

2 iay&

5 days

6 days

Me^AOO g 
Ie»oh43d

97

70

76

81

85

6^

Fsrcant of 
complete 
i«AChlns

66

Ga
89

95

9T

XOO
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£x foliation. Satural irwraieulits has tfca peculiar property that 

it ««JToliat»« w&aa toatad rapidly* Thla property Is cs&aidarad to result 

fro& tJw> iiattrlayar vat«r ia the atructwr* uhlch ngpoa beating eau»oa the

*K}*&9iQ8 of tb& »tru0tur* toy tfa» *&tr»$pftd ateas* S«« fisur* 1« Very 

f ir^ely £rc*m£ voraicullte ?v»y not «hov thii pcroperty due to tb« rapid

 soap* of th» genfirat«d 8toa&» Verwi«ultt«» h»v» ba«n reported (If) to 

expand aa ci^h a« 19 tlwcs their origl,ml vglttsv upoa exfoliation.

A test vas rim oc tvt> different particle 8ic«« of r«raicultte to

the effect of exfoliation upc^ cation «xcbauae capacity* Tablo 7 

I>.tforrattoa obtaleied for both th* 100 s»ah aad ths 20 »«slJ 

in bf>tb. the cn*5a aM exfcliat^ *t«t«»

Bflcr^Xes v^ro trt^tt«5 olmiatan*^u*ay -with 5 9 $a& vitii co viev 

to fl«^pl0t« ftaturati<^i» SxfoKfttisa v*t» ^r^auc^A by hefttlr^ aa^lea for 

in a 906° C* fi«*nao«»

tfa>a« 7 

Sffeet ef Exftaiation on Catloa

of

Cruder var^ieolito 100 

Exfoliated versi«ullt« 100 &&*& 23 

Crudd vwwlciillte 20 ae£h 3? 

Exfoliated varsleulLlta 20 «««h 21

Little tmatil« «&* a^perieoeod with th6 w^Bhttifi of tfe* crtaa«

10 v&s&i&ga with ab&<?luto taofchftrKsl *er* qulta adequate. For 

the exfoliated eaisplea, a:>4 »or« particul&rly Una 30 ssc&li exfoliated 

than &0 washing* were required* Hi« chl&rJ.de wa« leschad 

until finally a negative test vms
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Other difficulties ware uucouutcrod; the exfoliated wrzaieulltc 

Etavtag * Xov d&svitgr, fle&ted on top of ttat ftaturatksg solution. 

tbft Bupercataat liquid aftor ctmtrlfvgatlon proved to ^» $*>ite * 

It na* concluded tfcat eafollftUca ef the varaieulit* did not isssaro** its 

cxchaaiga capacity and. iu£«*d t Introduces a &«aftaaical $srt&l&**

fartiela 81*g« At tbi» p^l^t it m& Aeamad ex.|wd*<s&t to reatrlct 

tbe experimental variables vlth r^ftrd to partial* alat«» it «a» found 

thfct mcsrfc tl^a ie r^qulr&d for tha saturat -on w& l<aihlr\g of a ooarsar- 

STAtced fiftaplo, Osi th$ bfl^is of i&f(^rmtioa g- v^a X>y B^rtthAd (6) , in 

vhlch tie roportu that tha uxohaago eapaelty of vermtcullt« l» 

cf partide Bi»e t. the

PurtUcr expori^a^nta v$re restrict^ to 100

I>et«rmtntttiou   So t&e ao r«f«re»ce haft t>««K* md*

r«thoi fcr dfitfttmlalcg the n«^iwu eonoentratl^i of th$ 

Standard sol^tto^s of sodlur   vsre px*a|or94 enntalnlns SH^CaHsOa tn 

tratict^a e^\ad to tfaoea found in diluted l^acUii^s* It vat fax^id that 

tii» marv* Vn^ch resulted fro^ pl^ttlag jorccat traao*i«wiicji yit j?p 

not lineeur, jeirticulariy at the hlg^sr aodlus, conc«atratlona.

vtre diluted «o that the a^dius coutjQBtmtlooc ro^ftined at 

20 Pp7. »odtu» * closer tt; 10 pp^ at lehich ooaceittratioo ttw curve i* 

nearly linear, the paro&st trans^i»slcsa vcus acamsreA vith a 

D. U* Spectra fljiao i^otQ-^atar u»Sng a 5^9 wu vave length*

(0.5000 to i.QGDQ g) IB placsd i& a f i ft dan raill tittup glass

tube* fifteen sJ 11 Hi tor 6 cf 5 F $a£l saturatlog ftoluticu are

»a-pl* is agitated ser-tiy at Interralo of t\-^ ar4 aftar 

to four hmsrs at 70° to 60° C* the wtnpl« i» eeatrifuedd and th<? *upcr 

liquid ic dlscerdsd. Fresh perttosai of fatikratisg »olutioc are
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added until saturation i* eonplota. Tho saaple is then vashod vtth 

absolute oet&aaol until a negative chloride teat in obtained vlth acidified 

silver nitrate solution. She sasj&e i* thaa leashed vith a fifteen 

still iliter portico of ft i! HH*CaH^Da} during leaeoi&g procedure sasple It 

agitated gently at intervals of ttae. After approximately two hour* the 

sa&pie i« eeatrtfugsd and the sugtoraataat liquid is filtered into a 

volicsatric fla»k* Additioaal f ifte«a «Ulilit«r portion of 

solution aro ueed uotil Iwichiag i« ocxsplete. Tho 

of the costblrj«d leaching* is d»t«r^iaed by flats*

Appllcmtloa of ton Bxohanga Procaduro to Seven Mditional

It *f&s dotaired to test thin ion excisange prooedur* on a group of

Seven aaditional vftrsieuUtt apples were olstalnod froa the United States

national Museus. ^*h«ee easpie« vsra analysed and X-rayt^l (G^e Tablea 5

purpose of checking »evat$ additional Maples vas to 

their isasser of aaturtttliig or^d Icachit^ as eo&parad to the caMginal eaaple

Bo. 5). It should be acted that the crlgi&al ML-r-pl 

in thift experi^Gat aft a reference as& a» a proclaloc cheek* 

Saturation of six 0.^000 g pcrtlona of each of the «i&*t 

lltes was started aismltaneously* The cation a%char^& valuer for 

various «&3pl* portlona verc determined after eaturatioa ti^e 

of one voek vith th& oxc^ptioa of tho f irttt a«t of sa^splea %rti^*e ion 

exchange values vere detertiiiaed at the end of twenty- four hours, table 8 

gives the ion exchange cajacities after specified saturation tlc^s* It 

should bo notod that while ao^e aaaples (f 5 ***& ̂ 7) are essentially 

eaturated In a single day others take as &uch as



fttbla & 

Catioo Exchange Values,

Saturation Vemiculite Sucaber

TIs# 
1

X day 1*2

1 VftOk 1^9

fi weeks 163

5 vaeke 165

* wooko 163

5 vc«ks 1611

2

102

121

185

125

ifiS

127

' 3

139

Utf

1^5

1^3

1*3

1*3

k

100

139

1*7

«K>

150

150

5*

69

93

107

U9

121

120

6

15?

159

159

161

161

163

7

159

160

163

163

163

161

6

110

1*7

167

171

172

173

« Thie vercslcuilte aa-3pl« vao used for all prcvicnui

of the gigftt veraiculltes vhlolj var« completely 

eatu«ited vero leached. Leivihingji vere collected feftcr increments of 

2 lt Hir« for the first 6 hours and then after a total of &* fcour*. 

9 for th« results*

Table 9 

Leaching Values, Mag/100 great

Verslculit* Buaber

Tiee (houra) 
1

2 1*733

* 15.22

6 0.17

2* 0.00
Total SUch&uga 
Capacity 161(22)

s

117.39

9.56

0.17

0.00

12741s)

3

126.09

15.13

1.56

0.70

1*5X*^

*

159.15

9*7*

0.17

0.00

1*9(0^

5

100.00

ij.sa
1.7*
1*0*

u5«xf

6

150.00

13.91

0.35

0.00

16* .&y

7 .
1*%*3

15.50

1.22

0.70

160^)

a
i*7.a5
fio.87

8.7S

1*56

I734>y



In order to determine the accuracy of the cation exfthaog* ft eross- 

check **a desired* ma i^as achieved by saeaaft of m KJcldahl procedure. 

Sodun saturated oaitples vert leaohed with acraoaiuta acetate; Hie eodira 

concentration of the leashing* was determined, and tfes cation

capacity calculated. Th* V9KrJ.culttes vere th«a %mehod fyoe of 

ftssaoniug acotate and transferred to KJcldahl fXtwka* filatiXIfttioxi va« 

carried cmt u»ln« approxlraately 2 grata of bariua hydrcacldc 6i th« alkali. 

A blank eoataialng fiistlll«d vatar and bariua hydroxide vaft distilled 

cl^ilarly. Fifty soil titter* of the distillate were collected In ft 

volursetric flask cwitftlnlng k% boric acid. After adjustment of the 

volume an aliquot vaa taken j ft oothyl rod-brtK«xrTeftol green indicator vaa 

added to saaple «ad KLcak* T!xe tft^le was titrated to tho color of th« 

indicator blank vith 0*100 V KJL arid the exchaaga cajxicity calculated* 

Table 10 gives the cation exchanga oapocities obtained by the eodive^

and the Kjaldahl method* The reoxata eeea to be la good 

It ofty be coocludod tMt the ez.ckwms<* capacity for sodium in

equivalent to that for

Table 10 

Co»parlso:s of Cation Exchange Capacity Values by Two Hotbods, Meq/100 g

Kuober Sodium Ikrt^rsinfitloa Kjaldahl Peturraination

2

* 150 150

5 120 120

6 163 

T

8
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Bsrshad (6) he* etated that ths ioe. exeheogs process is not 

completely reversible betareea potessiua aad as$*ooitj& loos, Tbi» statement 

jsrosftfted a test oa the effeetlieneaa of several elkslia in the K£eldahl 

procedure. With »o attempt at oosaplet* sftturatioa* three pcartlots of a 

single vereiei&ite vere treated vith aavscmiud aeetate s^sltttion. The 

accnplea ver« then vaahed free of exoese ansaaalua loa» and K^eldahla vere 

run usia^ three different aUoalist barium, eo&iua, and pottt&clusa hydroacides* 

The wsrcple treated vith Darius hydroxide boiled fuietlyi the eesapLe 

treated vith aodtus hydroacide had a ftli^bt tesdetxsy to "buap", aad the

treated vith perta**iu& hydrootld* boiled like a volcano erupting at 

tveaty S4scofid intervmla. Certainly the potassium hydroxide 

reacted with the aseaotiiua verateullte differently. The tabulated reeulte 

ere given below.

Alkali________Mill iequlvalegts per 100 Gras& 

IS

i H KOH e

cation exc&asga imltie obtained fros the potassium hydroxide

vos lee* than 20* of the values cfetaiaed by the bari^a and 

hydxmida dlsttHfttlons* Barshud (13) called the differeooe 

the tvo values the "fixed* ass&oolt&i* 

Inasmuch aft ion oxoh&n®e is an equilibrium reaction it vas IruportAnt 

to know the effect of imss action oa tho eaturatioA of veraicuilte* Tvo
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sets of th* et|$}t different vsraiculita samples were treated, ooe with 

a single fifteen mill 111 tor portico* of  > jf ftftCX and th« other with 

fifteen aiUUiter portion* of 9 X Hid* After e&e aoatb** saturation tho 

samples vere vaafced a&d l«aoh®4 and the aodium determiiiod. 1*Me 12 

gives the results*

Table 12 

Sffeet of Aetiem

Vcrralcullte 

Beaple &us&er

1

t

3

%

5

6

7

8

!ttHle$ui*ale&ts per 100 Gra$»

15 «1. 5 B Had

Uk

&T

X30

85

57

«

135

101

900 MI , 5 K n«ei

161

187

1*3

X50

IB)

X6t

161

XT3

lost

After one south the *at cf enaiplos vhlch vas treated vlth 

fifteen «illltliter portion* of saturating solution vaa drained* These 

draitted vsre analyzed and fouod to coiitaln predominantly 

and ealolva datioBft* 

Frcvloue expcrl^nt& ehovrtS that for tbese eagles, ujidcr ti» 

prevailJt^ eos&ttlaa&j one »cir*th is suffioient tlsa fjr couplets saturation*



The retulta for th«a »as&$le» treatod with only fifteen aUltlltera of 

Qfttmrfttiag ablution aay fee attributed to th* fact th&t tha tm*« 

1* insufficient to drive tS» rsaetioa to completion* 

B. Ion

charaatarixed tba ion e&cimo^ properties of 

it va» ccixsi^red desi««bl» to exp«rtsamt vlth 

tltemi »aag?l«»* B<«s«us« eotiua Is r*latlv«ay cjtpdnaiva^ tnn 

v&e* co«^uet«d on * rtduoed ecul*. 

p8 gffaot oa tlM AAflorptloa of C»altga, It ims d«9irad to

cesium for th« c<^aplet4 ftatttratloa of Tertaicullte Ho* 

vfeoa* ««eJ»ivfip» capacity van found to to* 127 &*q«AOO g* Porttcm* of

0*2000

0*300 ^^> cealwa (aa chlorido) pltui 0*50 /i curie 

ia tventy-f Ivo tsUimt*?* of aolutioa at murlou» pB val\M»» 

v«r« flaood on an electrical ehator at room tosporatura (25°  «)  

After ot« ssonth tha oanpl«a were c$ntrlfu@ed aod th« radioactivity of thu 

supernatant liquid sM»»ured ostag a aodlum iodide (thalllm activated) 

cryatal solntlUator cc«nt«r, Tb« radleactiYlty vaa ooecpar«d wltH «taadard 

eoluttooa and the oeaitia adsorbed ^ tbo vwuvlcullta calculated. Tabla 

15 giirva tba retultm. It 1* ft$p*reat that jfl vali-e» 5 aad above flavor 

the eorptioa of ceaiuoi*

table 13 

Iffset of jfl can Ccttxsa ScrptiGti

98 S*SQ,ACO &

14

5.0

5.0

7*0

9*0
u.o 
12.5

5*3

SO*

79.

60.

79*
8*. 
T7*
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The pH values of solutions vere measured before and after exposure 

to veraiculite vith a Model 0 Bectaaan pH meter. Due to the lack of 

buffering action jfl measurements vere made vita some difficulty, but the 

data seemed to indicate that the pH of the solutions did not change 

sensibly by their action on vermiculite.

The pg Effect on the Reversibility of Cesiua Exchange* Four samples 

containing 10 mg* of exchanged cesium vere treated vith nitric acid 

solutions at various jH values* Table Ife. gives the results, vhich indicate 

that the ion exchange of vermiculite vith cesium is reversed by pH values 

less than 1.00*

Table l*t 
Reversibility as a Function of PH

PS

0.00

0.10

0.22

0.52

1.00

Milligrams of Cesium Beleased

10.0

7*1

5-9

3.5

1*8

Percent of 10 Milligrams Retained

0

29

M

67

62

The Effect of Aluminum on Cesium Exchange. Aluadnua is commonly 

present in nuclear wastes. Therefore it vas considered desirable to 

determine the effect of aluminum on the exchange of cesium by vermiculite. 

Because of the ampihoteric nature of aluminum, experiments vere restricted 

to those pH values in vhich aluminum is soluble. Preliminary experiments 

indicated that at pK 5 the cesium exchange by vermiculite is depressed* 

It vas hoped that if aluminum existed as the anion, A102~, that the inter­ 

ference by alvcTiimiin vould be removed*

Inasmuch as sodium aluminate vas not iiamediately available it vas 

necessary to prepare it. This preparation vas accomplished by dissolving
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In * ffiaa*ur*a iguantlt/ of e*rb9Q*t*~f re*

la order to aofctev* tte &»tlr*& pH of 1JJ»6, tiltrlo acid solution 

was ftdd&d* During tba addltloa of nitrt* «&& toe* altesttmax 

prcctpitatad out* ATtor |^r«aipit*tloa v*« eoaplote th* 

filtered off moA tlw» ftodiips iat*sl«»t« odution fitftsdsrd

Tiw »tftoa«rdi«fttioa eos$l«ta4 of first re&nrtitg »ay »Ul<» «ft«r 

prior di^ydration vltti hyaroohloric eeld ^olutton. T^e rolttttoa nm» 

,,v- with reepect to *saaaaiirt chloride mnd m^onixra hydrc^lde 

aothyl reft turn*! jrollev {^3/^5)* A Ao«bl* precipitatlou 

!Ti» 4&raittti» Itydraiclao pr«alpitAt« «M dried, t$&lt*& ft&d vti^cic 

 a\esim»2 caae«strmticm va» f cmnd to t«i 0*8? ft *ad »o«ardl»5 to A 

pbotcbctrie det«rsip-ation the <toditcm coneentrAtion vas 1*^ K.

BeofcuiHJ tb« Btaa^ardlsM aluni!Us6t& solution n«s X*% H la 

It was iw^eoary cot only to tiatdrssiivs the ctfeat of voriou*

cf th« *li^lis»te ion tmt «I«o tfe* cfT»ct of th!« coacectimtitm of 

Table 15 ^ v«* tin raeTiLto uhleh ehw? that both tho »odiun and 

«t tbe giroti coac«»trattcm» d«pre#s the

but tiw *Xt38iaftte icm aoes 00 to & greater ext&st* Ths sodlws eoncentratj5oEi

lie Ii.fi X*4 *« *6 «oyi«r«jyl W <jtfj»iui tei&$ 0*0* 5 &l^it« betaivae of 

action, c^^pet^ for tho- ex^ao^ poaitiona*



Tafcl* 15

Effeot of B&* arid Al fe~ on C«slua Exchange by 

Batural Yaralculite at pH 12*6

(0.300 H**» Casltts 4 0.^ Curie Cemiw ml* plus

Kcthlng

atllimolcc Ba 

3 siUlaol** A102* 

miill^ole* AlOc

1?*?

7T

60

46

36

and Monahaa (14) found that tha ion eschan^ effleicme/ of 

coataialng exchangoablo 9$a^QdSli» ions/ is ispalrod by the 

precipitation of taag8*aiu& hydroxide in the exchanger matrix wbon ion 

«xeban£» reaction is carried out at pH 11*5 to 12.0.

Following th« reco^endatlon of Wrlgjit and Monahan, saapl«s ware 

converted to tha sodlt^s f&r^/ aad the previous expcrisenta vcn? repeated 

at jS 12.6 to determitie the effect of AlOg" and Ba"*" on cesium exchange. 

Table 16 gives the results*

Tteble 16 

of Ka* and AlC^s" on C»sl\£i &&<&&&&* by Sodium VeraleuHte at pS 12*6

Hothiug

Ha

6.65 55 taOliaiol«s

101

103

102

no



52

The retultft ware gratifying* Apparently at the eoneeatretione 

uaed, the aluatira® as the aiusinate and/or tha sodium eauce wry little 

depression on &» vtraiaullto exchange with coeius. Aft f^r a» the author 

knows thi« ia thft first ti»e t«cts have been &*&  vlth caciusi la th«

of sodltxBt alu^inato on a sodius ver^ieullte* 

Effect of Cogiug Ccrx^ntraticvn. It vas dostred to t«0t the effect

of the eoneaatratioa of cesitts oa tba ««turatlcm of y«rsdculitc at a

speratwre. For reasccia of ci^spllclty rooa temperature vas 

C.). TVolvo 0*2000 s portions of Yemiculito So* ^ were treated vlth 

-f ivc cilllllt^rs of solxitlonB at pS 7 *ith cealtea eorioe^tratico*

rojs 2.^ « 10"* S to l*a * 10^ K| .»olwtlos» ¥*re *pikca vith 

cosiun iar, The cban^* ia actlrlty of the solution* vore mea&ured after 

& one -^nttii exp^&ure *a the maralculita aitd the ceclus adsorbed calculated. 

Table 17 gives tbft resultu. if the psrrgest eat\iratio& of the veraleulite 

vc the coaceatration of the eedit£% aaturatUi^ solution Is plotted a linear 

relationship is fouu5 up to the coaocntration of &*tt x 1C"3 S after vtilch 

the perceat eaturatitm tapers off until at 7*2 * 10~* 8 it reaches 36.7* 

and then regains ccastant. $hls %*7l saturation representc %)» n«^./100 g 

of veraicolit*.



17 

Sffeet of Cesltta Coneeatttttioa oa

of Solution Initially la Solstiea Taksn U?

&10-* *0QC& 0.00060 0*83

! * * 10"4 .0050 0*0030 l.«5

£«% x 10** .0050 0.0060 2»$

J|*8 K 10*4 .018 0*01* 5*0

7.8 X10*4 *ca.S 0*0da 7*5

l.SjtlU'** «030 0*0150 S£.<!

a*% ^ 10"* *o6o 0.05$

7*2 It 10** .110 0.008

ft A j* ^ft   «2BW5i Q«£@0

K 10"* »3I» 0*0B£

* Itorwit SAturatlea * ff^TOCT.r"*""^''Tf.yrF" x 100

___ of Ceftitm SAtuyatlon* As th« final *s$ftri2a*s*t it 

to d«t«arsls« tfcw» )dctttl«» of tho wit^oratlfm oftmtion* Twenty- 

0.2000 K porfciona of veratculitd Sa» $ wers «»ch treat*! vlth 

ailliliters of * §oJU&!m at pit 7 oontmlnicg 0*300

*ftwc vi^ylntf int«rwd» of tlao* After co&trifugfcttou of the

vitii  tea&ftrd ftoluticrui. figures ft aod 3i vtiioh «** plot» of 

reoiproeal of tb» unaatpaoltod excJ«»ff» c^pewity v» tia«, iodicwtt 

«*«O22d*ara«r reactlc«wi. (kNi Tttlxlo 18 for dftta* Thl»



1.
25

0

1.
20

0

1.
1-

50

I/
A

1.
10

0

1.
05

0

F
IG

I /
 U

N
E

X
P

LO
IT

E
D

 
E

X
C

H
A

N
G

E
 

C
A

P
A

C
IT

Y
 (

I/
A

) 
V

S
 

T
IM

E

1.
00

0
1

1
1

1
 

l 
I_

_
_
_
I 

I 
1 

1 
I

I 
t

2
0

40
"

6
0
 

8
0
 

T
IM

E
 

(M
IN

U
T

E
S

)

10
0

12
0

14
0



1.
27

5

F
IG

U
R

E

1.
25

0

1.
22

5

I/
A

1
.2

0
0

1.
17

5

1.
I5

Q

I/
U

N
E

X
P

L
O

IT
E

D
 

E
X

C
H

A
N

G
E

 
C

A
P

A
C

IT
Y

 (
I/
A

) 
V

S
 

T
IM

E

-
,
 
 
 
 
 
 

E
X

T
R

A
P

O
L

A
T

IO
N

I 
I 

I 
I 

I 
I 

i 
I 

I 
I 

I 
1 

I 
I

2
0

4
0

6
0

 
8

0
 

T
IM

E
 

(H
O

U
R

S
)

1
0
0

9
3

0



Jo

oot J»<£ *t»3 3*1 jt»o c^rnaS O0t

OJCOA 

jo

 r^»x OOT

9C



Table 18 

Time Study of Cesium Saturation

Saturation 6

5 minute*
10 *

15 *

80 *

25 "

30 -

35 *

50 *

55 *

60 *

SO *

135 * 

21 hour* 

k$ feour*

161 * 

257 *

86.60

30.10

^0*70

42.05

1*071 

1.C77

1*161

3UX75 

1*172

l*86l 

1,251

£ total 

and tha total

Ofti?£K»itjy ** ?*»fi^* O^&Jttsd jry^?Hft-T^rfp^M/-TiOO  »

ga capacity for tbla wtaple -was found to ba 120 ££$*/LQO &*



iv*
A aadif ied praeeftttre v&s d<r**lop*d far d«torainir^ tbft 

«a$a«itgr of ver&ieulit«*t 100 isaab vaimleuLit* is aaturatod vltb 

8 8s21 at 70 to SO0 C* for apj*ra*ie»tely threw vaafca, Altar vafthing off

is

with 2 5 J&ftCs&aO* for efc^ntt »lx hour») th* deaari^ed eodiws it 

determined, Sitls procofture is *pplScabl« to ft vi&* rartftty of 

especially to tboaa vrtUc^ vltfe previous prooddur** @«y« Ion 

capacity values, fhe oation exaaanso eapaeitte* of «l^t varsiculitce 

determined by tbft prooedura Awcribcdj thair eajp«etti9ft T« 

to 172 82illle^ulmle?it« per 100 grassfc*

Sxperioa^t* wero sad« vith c«ai\£5 vialsg oeijiasi9r as a tracer » It 

vaa tound that v^rrMlculita absorbs e««itm firmly id the $8 ras@9 of 5 asl 

above \ntt tbat thl» «xx3»a!%@9 rooatlo^ can b« r^varsed fey h^drocetj iotis 

at jH vaiu^a csf 1 aod lce«, th* Interferes^ Which al^tii^m exerts o?i th« 

vith &&tur&t rer^iatilito c«un be largely r«sg3V9d logr using

a codiua tsaturated var.oiculita at
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